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Description
BACKGROUND

[0001] The technique disclosed in this specification relates to an engine reciprocative rotation mechanism including a
piston reciprocating in a cylinder, a connecting rod connecting the piston and a crankshaft together, and first and second
dynamic vibration absorbers provided to the piston or the connecting rod, and a method for manufacturing such a
mechanism.

[0002] In general, in an engine mounted in a vehicle such as a motor vehicle, a piston reciprocating in a cylinder is
connected to a crankshaft through a connecting rod. Specifically, the piston is connected to a small end of a connecting rod
through a piston pin, and the crankshaft is connected to a large end of the connecting rod. Conventionally, various
techniques of reducing noise generated during the operation of the engine have been developed.

[0003] Japanese Unexamined Patent Publication No. 2015-151877 discloses, in order to solve a problem that a piston,
a piston pin, and a small end of a connecting rod which are connected together collectively resonate with respectto a large
end of the connecting rod in a combustion stroke of an engine, providing the interior of the piston pin with a dynamic
vibration absorber to reduce a resonance vibration level. Japanese Unexamined Patent Publication No. 2015-151877
further discloses, in order to solve a problem of relatively increasing a resonance vibration level in a crankshaft and a
cylinder block in a situation where the dynamic vibration absorber is disposed inside the piston pin, disposing not only the
dynamic vibration absorber (a first dynamic vibration absorber) for reducing the vibration level by resonance in, e.g., a
piston pin, but also a second dynamic vibration absorber having a different resonance frequency from the first dynamic
vibration absorber in a through hole of the piston pin to reduce the vibration level by resonance in, e.g., the crankshaft.
[0004] JP 2015151877 Adiscloses a pair of dynamic vibration reducers in which one dynamic vibration reduceris set so
as to suppress vibration in resonance frequencies of a piston and a connecting rod, and the other dynamic vibration
reducer is set so as to suppress vibration in a resonance frequency of one of a crankshaft and a cylinder block.
[0005] JP Den Hartog "Vibrations et mouvements vibratoires dans l'industrie mecanique moderne", January 1, 1936,
DUNOD, Paris, XP002789309 discloses a method of determining a frequency optimum for a dynamic absorber in a
vibrating system.

SUMMARY

[0006] In general, itis known that, if the vibration level by resonance in a target of vibration control is reduced using a
dynamic vibration absorber, antiresonance occurs in both lower and higher frequency regions of a dynamic vibration
absorber than the resonance frequency thereof. Therefore, just like Japanese Unexamined Patent Publication No.
2015-151877, using two dynamic vibration absorbers can reduce two vibration levels by two types of resonance generated
in the engine, though using such absorbers causes antiresonance to occur in the lower and higher frequency regions of
each of the dynamic vibration absorbers than the resonance frequency of each of the dynamic vibration absorbers.
[0007] Ingeneral, each antiresonance vibration levelis too low to pose any problem. However, depending on the engine
design, the antiresonance may interact with another antiresonance, thereby increasing the vibration levels. Accordingly,
providing two dynamic vibration absorbers in view of the above interaction can effectively reduce noise generated during
the operation of the engine.

[0008] The technique disclosed in this specification relates to an engine reciprocative rotation mechanism in which a
piston or a connecting rod is provided with first and second dynamic vibration absorbers, and attempts to reduce effectively
reduce noise generated during the operation of the engine.

[0009] This object is achieved by the features of the independent claims. Further developments are defined in the
dependent claims.

[0010] To achieve the above problem, the technique disclosed in this specification is directed to an engine reciprocative
rotation mechanism. The engine reciprocative rotation mechanism includes: a piston reciprocating in a cylinder; a
connecting rod connecting the piston and a crankshaft together and including a small end and a large end respectively
connected to the piston via a piston pin and to the crankshaft; a cylinder block including an upper block and a lower block
attached to alower surface of the upper block and housing the piston and the connecting rod; the crankshaft having a crank
journal, a crank pin, and a crank arm, the crank journal being rotatably supported by the lower block and a main bearing
cap; afirstdynamic vibration absorber provided in a through hole of the piston pin for the piston, and configured to reduce a
vibration level, which is generated during an operation of the engine, at a first resonance frequency; and a second dynamic
vibration absorber provided in the through hole of the piston pin for the piston, and configured to reduce a vibration level,
which is generated during the operation of the engine, at a second resonance frequency higher than the first resonance
frequency, wherein the first resonance frequency is generated by the piston, the piston pin and the small end of the
connecting rod which collectively resonate with respect to the large end of the connecting rod in a combustion stroke of the
engine, the second resonance frequency is generated by the lower block caused by the vibration in the main bearing cap,
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the second dynamic vibration absorber is higher in resonance frequency than the first dynamic vibration absorber, and in
the resonance frequency of the first dynamic vibration absorber and the resonance frequency of the second dynamic
vibration absorberin orderfor a peak frequency of antiresonance occurring in a higher frequency region of the first dynamic
vibration absorber than the resonance frequency of the first dynamic vibration absorber to be higher than that of
antiresonance occurring in a lower frequency region of the second dynamic vibration absorber than the resonance
frequency of the second dynamic vibration absorber, the resonance frequency of the first dynamic vibration absorber shifts
toward the higher frequency region in relation to the first resonance frequency and the resonance frequency of the second
dynamic vibration absorber shifts toward the higher frequency region in relation to the second resonance frequency.
[0011] According to the configuration, the first and second dynamic vibration absorbers can reduce vibration levels,
which are generated during the operation of the engine, at the first and second resonance frequencies. Further, the peak
frequency of antiresonance occurring in a higher frequency region of the first dynamic vibration absorber than the
resonance frequency of the first dynamic vibration absorber is substantially different from that of antiresonance occurring
in alower frequency region of the second dynamic vibration absorber than the resonance frequency of the second dynamic
vibration absorber. This can reduce an increase in the vibration levels due to the interaction of the two types of
antiresonance with each other. In this way, noise generated during the operation of the engine can be reduced, effectively.
[0012] The engine reciprocative rotation mechanism includes a piston pin connecting the piston and the crankshaft
together, and having a through hole. The firstand second dynamic vibration absorbers may be disposed in the through hole
of the piston pin.

[0013] Accordingtothe configuration, the firstand second dynamic vibration absorbers are disposed in the through hole
of the piston pin. This allows for integrating the piston, the piston pin, and the small end of the connecting rod together,
thereby properly reducing a vibration level by resonance of them with respect to the large end of the connecting rod.
[0014] In the engine reciprocative rotation mechanism, at least one of the resonance frequency of the first dynamic
vibration absorber or the resonance frequency of the second dynamic vibration absorber is shifted from associated at least
one of the first resonance frequency and the second resonance frequency such that the peak frequency of antiresonance
occurring in the higher frequency region of the first dynamic vibration absorber than the resonance frequency of the first
dynamic vibration absorber is higher than that of antiresonance occurring in the lower frequency region of the second
dynamic vibration absorber than the resonance frequency of the second dynamic vibration absorber.

[0015] According to the configuration, the peak frequency of the antiresonance occurring in the higher frequency region
of the first dynamic vibration absorber than the resonance frequency of the first dynamic vibration absorber is higher than
that of the antiresonance occurring in the lower frequency region of the second dynamic vibration absorber than the
resonance frequency of the second dynamic vibration absorber. Thus, the vibration of the second dynamic vibration
absorber can reduce the vibration level by the former antiresonance, and the vibration of the first dynamic vibration
absorber can reduce the vibration level by the latter antiresonance. This can effectively reduce noise generated due to the
interaction of two types of antiresonance with each other.

[0016] The engine reciprocative rotation mechanism including the piston pin may further include a fixture fixing the first
and second dynamic vibration absorbers to the piston pin and common to the first and second dynamic vibration
absorbers, a first connecter elastically connecting the fixture and the first dynamic vibration absorber together, and a
second connecter elastically connecting the fixture and the second dynamic vibration absorber together.

[0017] This configuration allows for effectively reducing noise generated during the operation of the engine with a
reduced number of components and reduced manufacturing costs.

[0018] The technique disclosed in this specification is also directed to a method for manufacturing the engine
reciprocative rotation mechanism. Specifically, the technique is directed to the method for manufacturing the engine
reciprocative rotation mechanism including a piston reciprocating in a cylinder; a connecting rod connecting the piston and
acrankshaft together and including a small end and a large end respectively connected to the piston via a piston pin and to
the crankshaft; a cylinder block including an upper block and a lower block attached to a lower surface of the upper block
and housing the piston and the connecting rod; the crankshaft having a crank journal, a crank pin, and a crank arm, the
crank journal being rotatably supported by the lower block and a main bearing cap; a first dynamic vibration absorber
provided in a through hole of the piston pin for the piston, and configured to reduce a vibration level, which is generated
during an operation of the engine, at a first resonance frequency; and a second dynamic vibration absorber provided in the
through hole of the piston pin for the piston, and configured to reduce a vibration level, which is generated during the
operation of the engine, ata second resonance frequency, the first resonance frequency being generated by the piston, the
piston pin and the small end of the connecting rod which collectively resonate with respect to the large end of the
connecting rod in a combustion stroke of the engine, the second resonance frequency being generated by the lower block
caused by the vibration in the main bearing cap, the second dynamic vibration absorber being higher in resonance
frequency than the first dynamic vibration absorber, the method comprising a preparing step of preparing the first and
second dynamic vibration absorbers, the preparing step including a shifting step of shifting in order for a peak frequency of
antiresonance occurring in a higher frequency region of the first dynamic vibration absorber to be higher than that of
antiresonance occurring in a lower frequency region of the second dynamic vibration absorber than the resonance
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frequency of the second dynamic vibration absorber, the resonance frequency of the first dynamic vibration absorber
toward the higher frequency region in relation to the first resonance frequency and the resonance frequency of the second
dynamic vibration absorber toward the lower frequency region in relation to the second resonance frequency when a peak
frequency of antiresonance occurring in a higher frequency region of the first dynamic vibration absorber than the
resonance frequency of the first dynamic vibration absorber is substantially consistent with that of antiresonance occurring
in alower frequency region of the second dynamic vibration absorber than the resonance frequency of the second dynamic
vibration absorber.

[0019] According to the configuration, the first and second dynamic vibration absorbers can reduce vibration levels,
which are generated during the operation of the engine, at the firstand second resonance frequencies. Further, atleastone
of the resonance frequency of the first dynamic vibration absorber or the resonance frequency of the second dynamic
vibration absorber is shifted from associated at least one of the first resonance frequency or the second resonance
frequency, thereby allowing the peak frequency of antiresonance occurring in a higher frequency region of the first dynamic
vibration absorber than the resonance frequency of the first dynamic vibration absorber to be substantially different from
that of antiresonance occurring in a lower frequency region of the second dynamic vibration absorber than the resonance
frequency of the second dynamic vibration absorber. This can reduce an increase in the vibration levels due to the
interaction of the two types of antiresonance with each other. In this way, noise generated during the operation of the
engine can be reduced, effectively.

[0020] In the method for manufacturing the engine reciprocative rotation mechanism, the shifting step from the
associated one of the first resonance frequency or the second resonance frequency may be a step of shifting at least
one of the resonance frequency of the first dynamic vibration absorber or the resonance frequency of the second dynamic
vibration absorber from associated at least one of the first resonance frequency or the second resonance frequency to
associated at least one of the higher frequency region or the lower frequency region.

[0021] According to this configuration, at least one of the resonance frequency of the first dynamic vibration absorber or
the resonance frequency of the second dynamic vibration absorber is shifted from associated at least one of the first
resonance frequency or the second resonance frequency to a higher or lower frequency region, thereby allowing the peak
frequency of antiresonance occurring in a higher frequency region of the first dynamic vibration absorber than the
resonance frequency of the first dynamic vibration absorber to be higher than that of antiresonance occurring in a lower
frequency region of the second dynamic vibration absorber than the resonance frequency of the second dynamic vibration
absorber. Thus, the vibration of the second dynamic vibration absorber can reduce the vibration level by the former
antiresonance, and the vibration of the first dynamic vibration absorber can reduce the vibration level by the latter
antiresonance. This can effectively reduce noise generated due to the interaction of two types of antiresonance with each
other.

[0022] In the method for manufacturing the engine reciprocative rotation mechanism, the first and second dynamic
vibration absorbers may each have a body, a fixture fixed to the piston or the piston pin, and a connecter elastically
connecting the body and the fixture together, and the preparing step may further include a changing step of changing at
least one of a ratio of a mass of the body of the first dynamic vibration absorber to a reciprocating inertial mass of the
reciprocative rotation mechanism or a ratio of a mass of the body of the second dynamic vibration absorber to the
reciprocating inertial mass of the reciprocative rotation mechanism, thereby changing associated atleast one of aninterval
of two types of antiresonance occurring in the first dynamic vibration absorber or an interval of two types of antiresonance
occurring in the second dynamic vibration absorber.

[0023] According to the configuration, in addition to the shift of the resonance frequencies of the first and second
dynamic vibration absorbers, at least one of the antiresonance interval in the first dynamic vibration absorber or the
antiresonance interval in the second dynamic vibration absorber is changed, thereby allowing the peak frequency of
antiresonance occurring in the higher frequency region of the first dynamic vibration absorber than the resonance
frequency of the first dynamic vibration absorber to be substantially different from that of the antiresonance occurringin the
lower frequency region of the second dynamic vibration absorber than the resonance frequency of the second dynamic
vibration absorber. As can be seen, the shift amounts of the resonance frequencies of the first and second dynamic
vibration absorbers can be reduced, thereby reliably reducing noise due to the interaction of the two types of antiresonance
with each other while reliably reducing the vibration levels at the first and second noise frequencies. Further, this can more
freely design the first and second dynamic vibration absorbers to effectively reduce noise generated during the operation
of the engine.

BRIEF DESCRIPTION OF THE DRAWINGS
[0024]

FIG. 1 is a cross-sectional view of an engine including a reciprocative rotation mechanism according to a first
embodiment.
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FIG. 2 illustrates the reciprocative rotation mechanism according to the first embodiment.

FIG. 3 is a cross-sectional view taken along line A-A of FIG. 2.

FIG. 4 is an enlarged cross-sectional view of a main part of FIG. 3.

FIG. 5 is a graph showing engine vibration characteristics.

FIG. 6 shows a spring mass model equivalent to the engine reciprocative rotation mechanism.

FIG. 7 is a graph showing resonance curves in a situation where first and second dynamic vibration absorbers, which
are not properly designed, are added to a main vibration system.

FIG. 8isagraph corresponding to FIG. 7 andillustrating the design of the first and second dynamic vibration absorbers
according to the first embodiment.

FIG. 9 is a flowchart showing an exemplary method for manufacturing the engine reciprocative rotation mechanism.
FIG. 10 is a graph corresponding to FIG. 7 and illustrating the design of first and second dynamic vibration absorbers
according to a second embodiment.

FIG. 11 is a perspective view of the reciprocative rotation mechanism in a situation where a connecting rod is provided
with a damping member.

FIG. 12 is a perspective view of the damping member provided to the reciprocative rotation mechanism of FIG. 11.

DETAILED DESCRIPTION

[0025] Exemplary embodiments will now be described with reference to the drawings.
(First Embodiment)

[Configuration of Engine]

[0026] FIG. 1 is a cross-sectional view of a multi-cylinder engine 1 including a reciprocative rotation mechanism
according to a first embodiment. The engine 1 is mounted in a vehicle such as a motor vehicle. The engine 1 is a
compression self-ignition engine, but is not limited thereto. The engine 1 includes a cylinder block 2. The cylinder block 2
includes anupperblock 21 and alower block 22 attached to the lower surface of the upper block 21. The four cylinders 3 are
arranged in a line in an upper part of the upper block 21 with a wall interposed between adjacent ones of the cylinders 3.
That is to say, the engine 1 is an inline-four engine. Each cylinder 3 is provided with a piston 4 and a connecting rod 5.
[0027] The piston 4 slides on, and reciprocates on, the inner peripheral surface of the cylinder 3 in a vertical direction of
the vehicle (hereinafter referred to as "the vertical direction" or "vertically") to repeat a cycle comprised of an intake stroke, a
compression stroke, a combustion stroke, and an exhaust stroke.

[0028] Asillustratedin FIGS. 2 and 3, the connecting rod 5 includes a small end 51 and a large end 52. The small end 51
is provided with a pin through hole 53. A bush 54 is fixed to the inner peripheral surface of the pin through hole 53. A piston
pin 6 is inserted into the pin through hole 53, i.e., the inner peripheral surface of the bush 54. A gap between the inner
peripheral surface of the pin through hole 53 and the piston pin 6 is supplied with lubricant circulating in the engine 1,
thereby forming a lubricant film. This lubricant film and the bush 54 allow the piston pin 6 to smoothly rotate with respect to
the pin through hole 53. The piston pin 6 is fitted into a pin supporting hole 43 of a boss 42 provided to a piston skirt 41 of the
piston 4. As a result, the connecting rod 5 is connected to the piston 4 through the piston pin 6. The lubricant circulating in
the engine 1 is also supplied to a gap between the inner peripheral surface of the boss 42 and the piston pin 6, thereby
forming a lubricant film. This allows the piston pin 6 to smoothly rotate with respect to the inner peripheral surface of the
boss 42. A snap ring 44 is fitted into the boss 42 to restrict the axial movement of the piston pin 6.

[0029] The piston pin6 has acentral axis 60. The direction in which the central axis 60 extends is referred to as the central
axis direction of the piston pin 6. The central axis direction of the piston pin 6 is consistent with the longitudinal direction of
the piston pin 6. The central axis direction of the piston pin 6 is consistent with a perpendicular to the paper of FIG. 2, and the
lateral direction of the paper of FIG. 3. The direction orthogonal to the central axis direction of the piston pin 6 is referred to
as a radial direction of the piston pin 6.

[0030] Thelarge end 52 ofthe connecting rod 5is provided with a shaftthrough hole 55. A crankshaft 7 shownin FIG. 1is
inserted into the shaft through hole 55. As a result, the connecting rod 5 is connected to the crankshaft 7. In this way, the
connecting rod 5 connects the piston 4 and the crankshaft 7 together. The small end 51 of the connecting rod 5is connected
to the large end 52 of the connecting rod 6 through a connecter 56.

[0031] Inthe firstembodiment, a full floating piston pinis used as the piston pin 6. There is a gap between the connecting
rod 5 and the piston pin 6. This allows the piston pin 6 to rotate with respect to the pin through hole 53 of the connectingrod 5
and the pin supporting hole 43 of the boss 42 of the piston 4.

[0032] The piston pin6is provided with athrough hole 61 having a circular cross section and extending in the central axis
direction of the piston pin 6. In the inner peripheral surface of the piston pin 6, the central portion in the central axis direction
is a portion having an inner peripheral surface which adamping member 8 that will be described later is press-fitted into and
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fixed to, and is referred to as a press-fitted portion 62. Both end portions of the press-fitted portion 62 in the central axis
direction of the piston pin 6 are referred to as housing portions 63a and 63b. The diameter of a portion of the through hole 61
associated with the press-fitted portion 62 is smaller than that of a portion of the through hole 61 associated with the
housing portions 63a and 63b. A space between the press-fitted portion 62 and the housing portion 63a and a space
between the press-fitted portion 62 and the housing portion 63b are respectively provided with steps 64a and 64b.
[0033] Referring back to FIG. 1, the crankshaft 7 has a crank journal 71, a crank pin 72, and a crank arm 73. The crank
journal 71 is rotatably supported by the lower block 22 and a main bearing cap 23. The crank pin 72 is rotatably connected
to the large end 52 of the connecting rod 5. The crank pins 72 are connected together through the piston 4 and the
connecting rod 5. The crank arm 73 connects an end of the crank journal 71 to an end of the crank pin 72 closer to the end of
the crank journal 71. As a result, in the crankshaft 7, the crank journal 71, the crank pin 72, and the crank arm 73 rotate
collectively.

[Configuration of Damping Member]

[0034] As described above, the damping member 8 is disposed in the through hole 61 of the piston pin 6. The damping
member 8 has a central axis such that the central axis of the damping member 8 and the central axis 60 of the piston pin 6
are (or substantially) on the same line. The central axis direction of the damping member 8 is consistent with the
longitudinal direction of the damping member 8. The damping member 8 may be a solid member. The damping member 8
includes two dynamic vibration absorbers 81 and 82 having different resonance frequencies (in other words, frequencies
associated with a natural resonant frequency). Hereinafter, the dynamic vibration absorber 81 is referred to as a first
dynamic vibration absorber, and the dynamic vibration absorber 82 is referred to as a second dynamic vibration absorber.
The damping member 8 is operable so as to allow the two dynamic vibration absorbers 81 and 82 to reduce vibration levels
by two types of resonance occurring in a target of vibration control.

[0035] AsshowninFIG.4,the damping member 8 includes bodies 83a and 83b, afixture 84, and arms 85a and 85b. The
damping member 8 may be made of metal. The first dynamic vibration absorber 81 includes the body 83a, the fixture 84,
and the arm 85a, and the second dynamic vibration absorber 82 includes the body 83b, the fixture 84, and the arm 85b.
That is to say, the first dynamic vibration absorber 81 and the second dynamic vibration absorber 82 share the fixture 84,
and are integrated with each other by the fixture 84.

[0036] In the first embodiment, the body 83b, the fixture 84, and the arm 85b constituting the second dynamic vibration
absorber 82 are comprised of one single member. In contrast, the body 83a forming the first dynamic vibration absorber 81
are comprised of two members (a shaft 831 and a cap 832), which are assembled together.

[0037] The bodies 83a and 83b are provided to both ends of the damping member 8 in the central axis direction of the
piston pin 6. The bodies 83a and 83b are substantially column-shaped, and the central axes of the bodies 83a and 83b are
consistent with the central axis of the damping member 8. The bodies 83a and 83b are disposed so as to be respectively
associated with the housing portions 63a and 63b in the through hole 61 of the piston pin 6. The center of mass of each of
the bodies 83a and 83b is positioned on the central axis 60 of the piston pin 6. The bodies 83a and 83b are portions where
the mass of the damping member 8 is concentrated. The bodies 83a and 83b, along with vertical movement of the piston 4,
substantially simply vibrate in the vertical direction.

[0038] The outer diameters of the bodies 83a and 83b are respectively smaller than the inner diameters of the housing
portions 63a and 63b and are respectively larger than the inner diameter of the press-fitted portion 62 such that the bodies
83a and 83b do not come into contact with the inner peripheral surfaces of the housing portions 63a and 63b in a situation
where the bodies 83a and 83b vibrate. This allows the steps 64a and 64b to restrict movement of the bodies 83a and 83b in
the central axis direction of the piston pin 6.

[0039] Thefixture 84 is positioned atthe middle portion of the damping member 8 in the central axis direction of the piston
pin 6. The fixture 84 is substantially column-shaped, and the central axis of the fixture 84 is consistent with the central axis
of the damping member 8. The fixture 84 is press-fitted into, and fixed to, the press-fitted portion 62 of the piston pin 6, and
may be referred to a press-fitting portion. The outer diameter of the fixture 84 is smaller than the outer diameter of each of
the bodies 83a and 83b, and is larger than the inner diameter of the press-fitted portion 62.

[0040] Thearms85aand85b connectthe bodies 83aand 83b and the fixture 84 together, supporting the bodies 83aand
83b with respect to the fixture 84. The arms 85a and 85b are disposed in the central axis direction of the piston pin 6 in a
region ranging from the press-fitted portion 62 to the housing portions 63a and 63b. The arms 85a and 85b are substantially
column-shaped, and the central axis of each of the arms 85a and 85b is consistent with the central axis of the damping
member 8.

[0041] The outer diameters of the arms 85a and 85b are smaller than the outer diameter of the fixture 84, the outer
diameters of the bodies 83a and 83b, and the inner diameter of the press-fitted portion 62. This caninsert the arms 85aand
85b into the press-fitted portion 62. The equivalent diameters of the arms 85a and 85b (the outer diameters if the arms 85a
and 85b are substantially column-shaped) are sufficiently smaller than the outer diameters of the bodies 83a and 83b.
Therefore, when the bodies 83a and 83b both vertically vibrate, the arms 85a and 85b can be considered as a spring having
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a predetermined spring constant for the vibration. The equivalent diameters of the arms 85a and 85b are preferably large
enough to have stiffness resistant to vibration for a long time. For example, the arms 85a and 85b may have the completely
(or substantially) same diameter large enough to have stiffness resistant to vibration for a long time. At that time, the
resonance frequencies of the first and second dynamic vibration absorbers 81 and 82 will be adjusted according to the
masses of the bodies 83a and 83b. The resonance frequencies of the first and second dynamic vibration absorbers 81 and
82 will be described later.

[0042] As described above, the body 83a of the first dynamic vibration absorber 81 includes the shaft 831 and the cap
832. The shaft 831 is integrally formed with the fixture 84 and the arm 85a. The shaft 831 has a central axis consistent with
the central axis of the damping member 8. The shaft 831 has an outer diameter smaller than the inner diameter of the press-
fitted portion 62. This can insert the shaft 831 into the press-fitted portion 62. The cap 832 is press-fitted into, and
assembled to, the outer peripheral surface of the shaft 831. Using the cap 832 allows for easily controlling the mass of the
body 83a.

[Design for First and Second Dynamic Vibration Absorbers]

[0043] WithreferencetoFIGS.5t0 8, itwill be described how the firstand second dynamic vibration absorbers 81 and 82
according to the first embodiment are designed.

[0044] FIG. 5 is a graph showing vibration characteristics 101 of the engine 1. In this graph, the horizontal axis
represents a frequency, and the vertical axis represents a vibration level (sound pressure). In FIG. 5, resonance occurring
at four types of frequencies (FA, FB, FC, and FD) can be observed. The resonance frequencies FA and FB in a high
frequency region are close to each other. The resonance frequencies FA and FB in the high frequency region are
sufficiently apart from the resonance frequencies FC and FD in a low frequency region.

[0045] FIG.6 shows aspring mass model equivalent to the engine reciprocative rotation mechanism 1. The piston 4, the
piston pin 6, and the small end 51 of the connecting rod 5 that are a target of vibration control collectively correspond to a
material particle (thatis supposed to have amass M). The connecter 56 of the connecting rod 5 corresponds to a spring that
supports the material particle with respect to the large end 52 of the connecting rod 5 (and thatis supposed to have a spring
constant of K). The body 83a of the first dynamic vibration absorber 81 is supposed to have a mass m1, and the body 83b of
the second dynamic vibration absorber 82 is supposed to have a mass m2. The arms 85a and 85b of the first and second
dynamic vibration absorbers 81 and 82 correspond to springs supporting the bodies 83a and 83b with respect to the piston
pin 6. The springs are supposed to have spring constants k1 and k2. Compared to the mass of each of the bodies 83a and
83b, the mass of each of the arms 85a and 85b is so small as to be negligible.

[0046] Insome cases, engine oil enters the through hole 61 of the piston pin 6. If oil is interposed between the piston pin 6
and the damping member 8, the resonance frequencies of the firstand second dynamic vibration absorbers 81 and 82 vary.
Thus, in the first embodiment, oil is always supposed to the through hole 61 of the piston pin 6. The oil supplied to the
housing portion 63a of the through hole 61 of the piston pin 6 serves as a damper c1 between the piston pin 6 and the body
83a, and the oil supplied to the housing portion 63b of the through hole 61 of the piston pin 6 serves as a damper c2 between
the piston pin 6 and the body 83b.

[0047] As described above, a first lubricant film is formed between the piston pin 6 and the pin through hole 53 of the
connecting rod 5, and a second lubricant film is formed between the piston pin 6 and the pin supporting hole 43 of the boss
42 of the piston 4. The first lubricant film corresponds to a spring coupling the piston pin 6 to the small end 51 of the
connecting rod 5, and the second lubricant film corresponds to a spring coupling the piston pin 6 to the boss 42 of the piston
4.Inthe combustion stroke of the engine 1, the piston 4 is pressed with a large force, and thus, the firstand second lubricant
films disappear. Accordingly, in the combustion stroke of the engine 1, the piston 4, the piston pin 6, and the small end 51 of
the connecting rod 5 collectively resonate with respect to the large end 52 of the connecting rod 5 at aresonant frequency of
(1/2m) - V(K / M). This resonance frequency corresponds to the resonance frequency FA in FIG. 5.

[0048] Next, resonance at the frequencies FC and FD in the low frequency region occurs because of providing the first
and second dynamic vibration absorbers 81 and 82. Specifically, the resonance occurs because resonance in, e.g., the
crankshaft 7 and/or the cylinder block 2 becomes large during the operation of the engine 1 in a situation where the first
dynamic vibration absorber 81 or the second dynamic vibration absorber 82 is utilized to reduce the resonance vibration
level at a frequency FA.

[0049] Next, the resonance frequency FB which is close to the resonance frequency FA by resonance in, e.g., the piston
4 is caused due to the resonance in the lower block 22, and its vibration is excited by transmission of an exciting force by the
piston 4, the connecting rod 5, the crankshaft 7, and the main bearing cap 23.

[0050] A large vibration level at the resonance frequencies FA and FB in the high frequency region may make an
occupant feel unnatural. Hereinafter, the resonance frequencies FA and FB are respectively referred to as a first and
second noise frequencies (or first and second resonance frequencies). The second noise frequency (second resonance
frequency) FB is higher than the first noise frequency (first resonance frequency) FA. In the first embodiment, an
appropriate design of the first and second dynamic vibration absorbers 81 and 82 for reducing the vibration levels at
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the firstand second noise frequencies FA and FB will be considered. In order to reduce the vibration levels at the resonance
frequencies FC and FD in the low frequency region, another dynamic vibration absorber may be provided.

[0051] Inthe firstembodiment, the first dynamic vibration absorber 81 is designed so as to reduce the vibration levelin a
situation where the piston 4, the piston pin 6, and the small end 51 of the connecting rod 5 collectively resonate with respect
tothe large end 52 of the connecting rod 5 in the combustion stroke. The second dynamic vibration absorber 82 is designed
so as toreduce the vibration level by the resonance in the lower block 22 caused by the vibration in the main bearing cap 23.
In other words, in the firstembodiment, in the spring mass model shown in FIG. 6, aresonance frequency f1 (= (1/2xr) - V(k1
/m1)) of the first dynamic vibration absorber 81 is adapted to the first noise frequency FA, and a resonance frequency f2 (=
(1/2r) - (k2 /m2)) of the second dynamic vibration absorber 82 is adapted to the second noise frequency FB. Accordingly,
the resonance frequency f2 of the second dynamic vibration absorber 82 is higher than the resonance frequency f1 of the
first dynamic vibration absorber 81.

[0052] Theresonance frequenciesf1and f2 ofthe firstand second dynamic vibration absorbers 81 and 82 canbe settoa
desired value by changing at least one of the masses m1 and m2 of the bodies 83a and 83b or the spring constants k1 and
k2 of the arms 85a and 85b (the springs). In order to increase the masses m1 and m2 of the bodies 83a and 83b without
increasing the outer dimensions of the bodies 83a and 83b, the bodies 83a and 83b may be comprised of a material having
a larger density. The spring constants k1 and k2 of the arms 85a and 85b of the first and second dynamic vibration
absorbers 81 and 82 are adjusted by changing a parameter selected from a group comprising lengths of the arms 85a and
85b, the outer diameters of the arms 85a and 85b, and the materials constituting the arms 85a and 85b, and any
combination thereof. For example, it is known that, if the lengths of the arms 85a and 85b are made longer, the outer
diameters of the arms 85a and 85b are made smaller, or the materials of the arms 85a and 85b are replaced with materials
having lower stiffness, the spring constant is reduced.

[0053] Inthedescription of the specification, the state where the resonance frequency of a dynamic vibration absorberis
adapted to the resonance frequency of a target of vibration control includes not only a state where both of the resonance
frequencies are completely or substantially consistent with each other, but also a state where the resonance frequency ofa
dynamic vibration absorber is shifted from the resonance frequency of the target of vibration control. The amount of the
shift will be described later.

[0054] Contrary to the above design, the first dynamic vibration absorber 81 may be designed to reduce the vibration
level by resonance (the noise frequency FB) of the lower block 22, and the second dynamic vibration absorber 82 may be
designed to reduce the vibration level by resonance (the noise frequency FA) in, e.g., the piston 4.

[0055] Here, in general, if the resonance frequency of the dynamic vibration absorber is adapted to the resonance
frequency of a target of vibration control, the vibration level of the target of vibration control can be reduced, and
antiresonance occurs in both lower and higher frequency regions of the dynamic vibration absorber than the resonance
frequency of the dynamic vibration absorber. In the first embodiment, the resonance frequencies f1 and f2 of the first and
second dynamic vibration absorbers 81 and 82 are adapted to the first and second noise frequencies FA and FB,
antiresonance occurs in both lower and higher frequency regions than each of the resonance frequencies f1 and f2.
[0056] FIGS. 7 and 8 are graphs showing resonance curves in a situation where the first and second dynamic vibration
absorbers 81 and 82 are added to a main vibration system. The first and second dynamic vibration absorbers 81 and 82 in
the example of FIG. 7 are not properly designed, unlike the following description. The first and second dynamic vibration
absorbers 81 and 82 in the example of FIG. 8 are properly designed as the following description. In FIGS. 7 and 8, the
horizontal axis represents a frequency, and the vertical axis represents a vibration level (or a sound pressure). A reference
character 111 denotes the broken line showing the resonance curve of the first dynamic vibration absorber 81, and a
reference character 112 denotes the broken line showing the resonance curve of the second dynamic vibration absorber
82. A reference character 113 denotes an actual vibration curve (the solid line) obtained by super-positioning the
resonance curves 111 and 112 based on a principle of wave superposition. It is assumed that the vibration levels at
the firstand second noise frequencies FA and FB are respectively referred to as PA and PB. In addition, the graphs in FIGS.
7 and 8 show vibration characteristics 101 of the engine 1 shown in FIG. 5.

[0057] InFIG.7,the resonance frequencies f1 and f2 of the first and second dynamic vibration absorbers 81 and 82 are
respectively adapted to the first and second noise frequencies FA and FB. That is to say, in the example of FIG. 7, the first
and second noise frequencies FA and FB are respectively objective frequencies of the first and second dynamic vibration
absorbers 81 and 82. The profile of the vibration curve 113 shows that the vibration levels at the first and second noise
frequencies FA and FB are significantly reduced.

[0058] As described above, antiresonance occurs in both the lower and higher frequency regions of the first dynamic
vibration absorber 81 than the resonance frequency f1 of the first dynamic vibration absorber 81. Itis supposed that, in the
first dynamic vibration absorber 81, a frequency at which the antiresonance in the higher frequency region peaks (peak
frequency)is g1 (high), and a frequency at which the antiresonance in the lower frequency region peaks (peak frequency)
isg1 (low). Likewise, antiresonance occurs in both the lower and higher frequency regions of the second dynamic vibration
absorber 82 than the resonance frequency f2 of the second dynamic vibration absorber 82. It is supposed that, in the
second dynamic vibration absorber 82, a frequency at which the antiresonance in the higher frequency region peaks (peak
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frequency)is g2 (high), and a frequency at which the antiresonance in the lower frequency region peaks (peak frequency)
is g2 (low).

[0059] Here, typically, the vibration levels of antiresonance occurring in the firstand second dynamic vibration absorbers
81 and 82 are sufficiently smaller than the vibration levels PA and PB of the first and second noise frequencies FA and FB.
However, as shown in FIG. 7, when the antiresonance peak frequency g1 (high) in the higher frequency region of the first
dynamic vibration absorber 81 is completely or substantially consistent with the antiresonance peak frequency g2 (low)in
the lower frequency region of the second dynamic vibration absorber 82, a vibration level PS at which the superpositioned
antiresonance (the vibration curve 113) peaks may be larger than the vibration level PA at the first noise frequency FA or the
vibration level PB at the second noise frequency FB in the original vibration characteristics 101 of the engine 1. This tends
to particularly occur when the first and second noise frequencies FA and FB are close to each other. FIG. 7 shows an
example in which the vibration level PS at which the superpositioned antiresonance peaks is larger than the vibration level
PB at the second noise frequency FB. In this case, a new noise source is generated though the vibration levels PA and PB
atthefirstand second noise frequencies FA and FB are reduced using the firstand second dynamic vibration absorbers 81
and 82.

[0060] In the first embodiment, when the antiresonance peak frequency g1 (high) in the higher frequency region of the
first dynamic vibration absorber 81 is completely or substantially consistent with the antiresonance peak frequency g2
(low) in the lower frequency region of the second dynamic vibration absorber 82, the resonance frequency f1 of the first
dynamic vibration absorber 81 is shifted from the first noise frequency FA, and the resonance frequency f2 of the second
dynamic vibration absorber 82 is shifted from the second noise frequency FB. This allows the peak frequency g1 (high) and
the peak frequency g2 (low) to have different values from each other. Although both the resonance frequency f1 of the first
dynamic vibration absorber 81 and the resonance frequency f2 of the second dynamic vibration absorber 82 may be
shifted, this is merely an example of the present disclosure. Alternatively, only one of resonance frequency f1 or f2 may be
shifted.

[0061] Atthattime, the resonance frequencies f1 and f2 may be brought close to each other (by, for example, shifting the
resonance frequency f1 to the higher frequency region and shifting the resonance frequency 2 to the lower frequency
region), and conversely, they may be moved away from each other (by, for example, shifting the resonance frequency f1 to
the lower frequency region and shifting the resonance frequency f2 to the higher frequency region).

[0062] Reducing the masses m1 and m2 of the bodies 83a and 83b can respectively shift the resonance frequencies 1
and 2 to the respective higher frequency regions, whereas increasing the masses m1 and m2 can respectively shift the
resonance frequencies f1 and f2 to the respective lower frequency regions. Also, increasing the spring constants k1 and k2
of the arms 85a and 85b can respectively shift the resonance frequencies f1 and f2 to the respective higher frequency
regions, whereas reducing the spring constants k1 and k2 of the arms 85a and 85b can respectively shift the resonance
frequencies f1 and f2 to the respective lower frequency regions.

[0063] In this specification, the state in which the two antiresonance peak frequencies (specifically, g1 (high) and g2
(low)) are substantially different from each other at least means that the two antiresonance peak frequencies are shifted
from each other when the vibration level PS at which the superpositioned antiresonance peaks is equal to or below the
vibration level PA at the first noise frequency FA and the vibration level PB at the second noise frequency FB in the original
vibration characteristics 101 of the engine 1. The state in which the two antiresonance peak frequencies are substantially
consistent with each other means that the two frequencies are close to each other when the vibration level PS exceeds the
vibration level PA (or PB).

[0064] Inthe example of FIG. 8, the resonance frequency f1 in the first dynamic vibration absorber 81 is shifted to the
higher frequency region by Af1, and the resonance frequency 2 in the second dynamic vibration absorber 82 is shifted to
the lower frequency region by Af2. This allows the peak frequency g1 (high) to be substantially different from the peak
frequency g2 (low). As a result, the antiresonance peak frequency g1 (high) in the higher frequency region of the first
dynamic vibration absorber 81 is higher than the antiresonance peak frequency g2 (low) in the lower frequency region of
the second dynamic vibration absorber 82. FIG. 8 shows that the vibration level PS at which the superpositioned
antiresonance peaks is smaller than the vibration levels PA and PB.

[0065] As can be seen, the first embodiment allows for reducing the vibration levels at the first and second noise
frequencies FAand FB, and reducing anincrease in vibration levels due to the interaction of the two types of antiresonance
with each other. This can effectively reduce noise generated during the operation of the engine 1.

[0066] As described above, in the first embodiment, the resonance frequencies f1 and f2 may be brought close to each
other or may be moved away from each other from the original value (the value at which the peak frequencies g1 (high) and
g2 (low) are consistent with each other) as a reference such that the peak frequencies g1 (high) and g2 (low) have
substantially different values from each other. Preferably, just like the example of FIG. 8, the resonance frequency f1 of the
first dynamic vibration absorber 81 is shifted to the higher frequency region, whereas the resonance frequency f2 of the
second dynamic vibration absorber 82 is shifted to the lower frequency region, thereby bringing the resonance frequencies
f1 and f2 close to each other. As aresult, the antiresonance vibration level in the higher frequency region of the first dynamic
vibration absorber 81 can be reduced by the vibration in the second dynamic vibration absorber 82, and the antiresonance
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vibration levelin the lower frequency region of the second dynamic vibration absorber 82 can be reduced by the vibration in
the first dynamic vibration absorber 81.

[0067] In a situation where the resonance frequencies f1 and 2 in the first and second dynamic vibration absorbers 81
and 82 are adjusted not by the spring constants k1 and k2 of the arms 85a and 85b but by the masses m1 and m2 of the
bodies 83a and 83b, the body 83a of the first dynamic vibration absorber 81 that is heavier than the body 83b of the second
dynamic vibration absorber 82 is needed to be further heavier in order to move the resonance frequencies f1 and f2 away
from each other. At that time, it may be difficult to dispose the first dynamic vibration absorber 81 in the through hole 61 of
the piston pin 6. However, bringing the resonance frequencies f1 and f2 closer to each other can prevent the mass of the
body 83a of the first dynamic vibration absorber 81 from increasing too much.

[0068] However, ifthe shiftamount Af1 and Af2 are too large, the advantage of reducing the vibration levels PA and PB at
the firstand second noise frequencies FA and FB by the first and second dynamic vibration absorbers 81 and 82 cannot be
obtained, sufficiently. Further, for example, the antiresonance peak frequency g1 (high) may coincide with the second
noise frequency FB or the antiresonance peak frequency g2 (low) may coincide with the first noise frequency FA, resulting
in generation of a new noise source. Accordingly, the shiftamounts Af1 and Af2 are set such that the maximum value of the
vibration level in the actual vibration curve 113 obtained by the superposition of the resonance curves 111 and 112 is
smaller than the vibration levels PA and PB at the first and second noise frequencies FA and FB.

[Method of Fabricating Engine Reciprocative Rotation Mechanism]

[0069] FIG. 9is a flowchart showing an exemplary method for manufacturing the reciprocative rotation mechanism of
the engine 1. This method includes Steps 201 to 207.

[0070] In Step 201, the vibration characteristics 101 (for example, the reference character 101 of FIG. 5) of the engine 1
are measured. The vibration characteristics measured at Step 201 are supposed to have the first and second noise
frequencies FA and FB close to each other and shown in FIG. 5.

[0071] At Step 202, the damping member 8 including the first and second dynamic vibration absorbers 81 and 82 are
prepared. Specifically, according to the design described with reference to FIGS. 5 to 8, the masses m1 and m2 of the
bodies 83a and 83b of the damping member 8 and the spring constants k1 and k2 of the arms 85a and 85b are adjusted to
obtain desired values of the resonance frequencies f1 and f2 of the firstand second dynamic vibration absorbers 81 and 82.
[0072] At Step 203, the damping member 8 is assembled into the through hole 61 of the piston pin 6. In the damping
member 8, the bodies 83a and 83b having a larger diameter cannot be inserted into the press-fitted portion 62 having a
smaller diameter. Hence, first, the damping member 8 in a state where the cap 832 of the first dynamic vibration absorber
81 is not assembled to the shaft 831 is inserted into the through hole 61 from a side closer to the first dynamic vibration
absorber 81. Next, the fixture 84 is press-fitted into the press-fitted portion 62, thereby fixing the damping member 8 to the
piston pin 6. Then, the cap 832 is press-fitted into the shaft 831 to completely assemble the damping member 8 into the
through hole 61 of the piston pin 6.

[0073] AtStep 204, aninertance (a frequency response function obtained by a ratio between an exciting force inputinto
the first and second dynamic vibration absorbers 81 and 82 and the acceleration generated by the exciting force) is
measured using a known measurement device, thereby obtaining the resonance frequencies f1 and f2 of the first and
second dynamic vibration absorbers 81 and 82. The measurement device may include a non-contact vibrometer, such as a
Laser DopplerVibrometer. The resonance frequencies f1 and f2 in the firstand second dynamic vibration absorbers 81 and
82 can be obtained based on the frequency characteristics of the measured inertance.

[0074] AtStep205,itis determined whether or notthe resonance frequencies f1 and f2 obtained at Step 204 are included
within a desired range.

[0075] Ifthe resonance frequencies f1 and f2 obtained in the first and second dynamic vibration absorbers 81 and 82 at
Step 204 are notincluded within the desired range (the answer at Step 205 is NO), the masses of the bodies 83a and 83b of
the first and second dynamic vibration absorbers 81 and 82 are adjusted using a known grinding device (for example, a
device including a grinding stone) at Step 206. The mass of the body 83a or the mass of the body 83b may be adjusted or
both the masses of the bodies 83a and 83b may be adjusted.

[0076] At Step 206, grinding reduces the masses of the bodies 83a and 83b. Therefore, at Step 202, it is preferable to
prepare the bodies 83a and 83b having the dimensions larger than an objective dimension. (This makes the masses of the
bodies 83a and 83b larger than an objective mass, making the resonance frequencies of the first and second dynamic
vibration absorbers 81 and 82 smaller than the objective frequencies).

[0077] Ifthe resonance frequencies f1 and f2 of the first and second dynamic vibration absorbers 81 and 82 obtained at
Step 204 are included within the desired range (the answer at Step 205 is YES), the outer diameter of the piston pin 6 is
grinded at Step 207. As can be seen, the reciprocative rotation mechanism of the engine 1 is manufactured.
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(Second Embodiment)

[0078] Next, with reference to FIG. 10, it will be described how the first and second dynamic vibration absorbers 81 and
82 according to the first embodiment are designed.

[0079] In the spring mass model in FIG. 6, if a ratio w1 of the mass m1 of the body 83a of the first dynamic vibration
absorber 81 to Mr (a reciprocating inertial mass of the reciprocative rotation mechanism) (1 =m1/Mr), and a ratio p.2 of
the mass m2 of the body 83b of the second dynamic vibration absorber 82 to Mr (.2 = m2/ Mr) are sufficiently smaller than
1, an interval w1 between two types of antiresonance and an interval w2 between two types of antiresonance (i.e., the
difference between the peak frequencies) satisfy the following equation 1:

[Equation 1]

= e = 2 801 + . )3

wy = g (high) — g, (low) = 2, NCICEA™E
[ 3,MK

w; = g;(high) — gz (low) = 2, 4 8(1‘12— H2)?

[0080] Thus, the larger the mass ratios w1 and u2 are, the larger the intervals w1 and w2 between the two types of
antiresonance (hereinafter referred to as the antiresonance intervals) are.

[0081] The reciprocating inertial mass Mr of the reciprocative rotation mechanism can be considered as the sum of the
mass of the piston 4, 1/3 of the mass of the connecting rod 5, the mass of the piston pin 6, and the mass of the fixture 84 of
the firstdynamic vibration absorber 81 (or the second dynamic vibration absorber 82). 3/1 of the mass of the connecting rod
5is the mass of a rotational portion including the small end 51 in the connecting rod 5, and the rest mass (2/3 of the mass of
the connecting rod 5) is the mass of a rotational portion including the large end 52 in the connecting rod 5. It can be said that
the ratio w1 of the mass m1 of the body 83a of the first dynamic vibration absorber 81 to the reciprocating inertial mass Mr
and the ratio .2 of the mass m2 of the body 83b of the second dynamic vibration absorber 82 to the reciprocating inertial
mass Mr are sufficiently smaller than 1.

[0082] Inthe second embodiment, when the antiresonance peak frequency g1 (high) in the higher frequency region of
the first dynamic vibration absorber 81 is completely or substantially consistent with the antiresonance peak frequency g2
(low) in the lower frequency region of the second dynamic vibration absorber 82, at least one of the antiresonance interval
w1 occurring in the first dynamic vibration absorber 81 or the antiresonance interval w2 occurring in the second dynamic
vibration absorber 82 is changed. This allows the peak frequency g1 (high) and the peak frequency g2 (low) to have
different values from each other.

[0083] In the second embodiment, the resonance frequencies of the first and second dynamic vibration absorbers 81
and 82 are respectively allowed to completely or substantially coincide with the first and second noise frequencies FA and
FB. In orderto do so, the masses m1 and m2 of the bodies 83a and 83b of the first and second dynamic vibration absorbers
81 and 82 are changed such that the antiresonance peak frequencies gl (high) and g2 (low) substantially have different
values. This allows the mass ratios u1 and w2 and in turn, the antiresonance intervals w1 and w2 to have desired values. In
this state, the spring constants k1 and k2 of the arms 85a and 85b (the springs) are changed such that the resonance
frequency f1 (= (1/2r) - V(k1/m1)) of the first dynamic vibration absorber 81 is completely or substantially consistent with
the first noise frequency FA and the resonance frequency f2( = (1 / 2x) - V(k2 / m2)) of the second dynamic vibration
absorber 82 is completely or substantially consistent with the second noise frequency FB.

[0084] The antiresonance intervals w1 and w2 may be widened or narrowed from the original value (the value at which
the peak frequencies g1 (high) and g2 (low) are consistent with each other). The antiresonance intervals w1 and w2 are
respectively widened by increasing the mass ratios .1 and p.2, and are respectively narrowed by reducing the mass ratios
r1and p2.

[0085] Inthe example of FIG. 10, the antiresonance intervals w1 and w2 are widened with the resonance frequencies of
the first and second dynamic vibration absorbers 81 and 82 respectively consistent with the first and second noise
frequencies FA and FB, thereby allowing the peak frequencies g1 (high) and g2(low) to substantially have different values.
FIG. 10 shows that the vibration level PS at which the superpositioned antiresonance peaks is smaller than the vibration
levels PA and PB.

[0086] As can be seen, the second embodiment allows for reducing the vibration levels at the first and second noise
frequencies FA and FB, and reducing an increase in the vibration levels due to the interaction of the two types of

11



10

15

20

25

30

35

40

45

50

55

EP 3 480 486 B1

antiresonance with each other. This can effectively reduce noise generated during the operation of the engine 1.
[0087] As described above, in the second embodiment, the antiresonance intervals w1 and w2 may be widened or
narrowed from the original value (the value at which the peak frequencies g1 (high) and g2 (low) are consistent with each
other) as a reference such that the peak frequencies g1 (high) and g2 (low) have substantially different values from each
other. Preferably, just like the example shown in FIG. 10, the antiresonance interval w1 in the first dynamic vibration
absorber 81 and the antiresonance interval w2 in the second dynamic vibration absorber 82 are widened, such that the
antiresonance peak frequency g1 (high) in the higher frequency region of the first dynamic vibration absorber 81 is higher
than the antiresonance peak frequency g2 (low) in the lower frequency region of the second dynamic vibration absorber
82. As aresult, the antiresonance vibration level in the higher frequency region of the first dynamic vibration absorber 81
can be reduced by the vibration in the second dynamic vibration absorber 82, and the antiresonance vibration level in the
lower frequency region of the second dynamic vibration absorber 82 can be reduced by the vibration in the first dynamic
vibration absorber 81.

[0088] Inthe second embodiment, if the antiresonance intervals w1 and w2 are too widened, the advantage of reducing
the vibration levels PA and PB at the first and second noise frequencies FA and FB by the first and second dynamic
vibration absorbers 81 and 82 cannot be obtained, sufficiently. Further, for example, the antiresonance peak frequency g1
(high) may coincide with the second noise frequency FB or the antiresonance peak frequency g2 (low) may coincide with
thefirst noise frequency FA, resulting in generation of a new noise source. Accordingly, the antiresonance intervals w1 and
w2 are set such that the maximum value of the vibration level in the actual vibration curve 113 obtained by superposition of
the resonance curves 111 and 112 is smaller than the vibration levels PA and PB at the first and second noise frequencies
FA and FB.

[0089] The reciprocative rotation mechanism according to the second embodiment can be manufactured by the same or
similar method to the first embodiment.

(Other Embodiments)

[0090] Although the technique of the present disclosure has been described by way of illustrative embodiments, the
technique of the presentdisclosure is not limited to those embodiments. Various modifications and design changes may be
added in the above embodiments. Other embodiments may be made by combining some features described in the above
embodiments.

[0091] Forexample, inthe second embodiment, the antiresonance intervals w1 and w2 are changed with the resonance
frequencies of the first and second dynamic vibration absorbers 81 and 82 respectively completely or substantially
consistent with the first and second noise frequencies FA and FB. However, this is merely an example of the present
disclosure. Alternatively, the resonance frequencies f1 and f2 of the first and second dynamic vibration absorbers 81 and
82 may be shifted from the first and second noise frequencies FA and FB (using the method of the embodiment shown in
FIG. 8), and further, the antiresonance intervals w1 and w2 may be changed, thereby allowing the antiresonance peak
frequency g1 (high)in the higher frequency region of the first dynamic vibration absorber 81 to substantially have a different
value from the antiresonance peak frequency g2 (low) in the lower frequency region of the second dynamic vibration
absorber 82. In this embodiment, the resonance frequencies f1 and f2 can be prevented from being shifted too much from
the first and second noise frequencies FA and FB. Thus, the first and second dynamic vibration absorbers 81 and 82 can
reliably reduce the increase in the vibration levels due to the interaction of the two types of antiresonance with each other
while reliably reducing the vibration levels at the first and second noise frequencies FA and FB. This can more freely design
the first and second dynamic vibration absorbers 81 and 82 to effectively reduce noise generated during the operation of
the engine.

[0092] In the above first and second embodiments, the damping member 8 is disposed in the through hole 61 of the
piston pin 6. However, this is merely an example of the present disclosure. Alternatively, for example, the damping member
8 may be provided to the connecting rod 5 if the bodies 83a and 83b of the first and second dynamic vibration absorbers 81
and 82 need to be made large enough not to be housed in the through hole 61 of the piston pin 6. In this configuration, the
fixture 84 of the damping member 8 is fixed to the connecting rod 5. Disposing the damping member 8 in the connecting rod
5 at a position closer to the small end 51 allows for integrating the piston 4, the piston pin 6, and the small end 51 of the
connecting rod 5 together, thereby advantageously substantially preventing from resonating with respect to the large end
52 of the connecting rod 5.

[0093] Inthe configuration in which the damping member 8 is disposed in the connecting rod 5, for example, as shownin
FIG. 11, the connecter 56 of the connecting rod 5 may be provided with a through hole 561 extending vertically while being
mounted in the vehicle body, and a damping member 9 may be fixed into the through hole 561. The damping member 9 has
the substantially same configuration as the damping member 8 except for details. The operation of the damping member 9
is the same or similar to that of the damping member 8. As shown in FIG. 12, the damping member 9 includes bodies 93a
and 93b, a fixture 94, and arms 95a and 95b. The damping member 9 has a first dynamic vibration absorber 91 including
the body 93a, the fixture 94, and the arm 95a, and a second dynamic vibration absorber 92 including the body 93b, the
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fixture 94, and the arm 95b. That is to say, the first dynamic vibration absorber 91 and the second dynamic vibration
absorber 92 share the fixture 94, and are integrated with each other by the fixture 94. The fixture 94 of the damping member
9 may be press-fitted into or fastened to the inner peripheral surface of the through hole 561.

[0094] Inthe above first and second embodiments, the two dynamic vibration absorbers 81 and 82 share the fixture 84
and are integrally formed together. This embodiment allows for reducing the number of the components, and manufactur-
ing costs. However, this is a mere example, and the two dynamic vibration absorbers 81 and 82 may be separately
provided as different parts.

[0095] Intheabove firstand second embodiments, the second dynamic vibration absorber 82 is comprised of one single
member, and the body 83a of the first dynamic vibration absorber 81 is comprised of two members (the shaft 831 and the
cap 832). However, this is not limiting. Alternatively, the first dynamic vibration absorber 81 and the second dynamic
vibration absorber 82 may be comprised of one single member. In this example, the damping member 8 is comprised of
one single member, as a whole. In this example, the outer diameters of the bodies 83a and 83b may be smaller than the
inner diameter of the press-fitted portion 62 such that one single member can be assembled to the through hole 61 of the
piston pin 6. In addition, both the first dynamic vibration absorber 81 and the second dynamic vibration absorber 82 may be
comprised of more than two members (the shaft and the cap).

[0096] The foregoing embodiments are merely preferred examples in nature, and the scope of the technique disclosed
in this specification should not be interpreted in alimited manner. The scope of the technique disclosed in this specification
is defined by the appended claims, and all variations and modifications belonging to a range equivalent to the range of the
claims are within the scope of the technique disclosed in this specification.

Claims
1. An engine reciprocative rotation mechanism, comprising:

a piston (4) reciprocating in a cylinder (3);

a connecting rod (5) connecting the piston (4) and a crankshaft (7) together, and including a smallend (51) and a
large end (52) respectively connected to the piston (4) via a piston pin (6) and to the crankshaft (7);

a cylinder block (2) including an upper block (21) and a lower block (22) attached to a lower surface of the upper
block (21) and housing the piston (4) and the connecting rod (5);

the crankshaft (7) having a crank journal (71), a crank pin (72), and a crank arm (73), the crank journal (71) being
rotatably supported by the lower block (22) and a main bearing cap (23);

a first dynamic vibration absorber (81) provided in a through hole of the piston pin (6) for the piston (4), and
configured to reduce a vibration level, which is generated during an operation of the engine, at a first resonance
frequency; and

a second dynamic vibration absorber (82) provided in the through hole of the piston pin (6) for the piston (4), and
configured to reduce a vibration level, which is generated during the operation of the engine, at a second
resonance frequency higher than the first resonance frequency, wherein

the first resonance frequency is generated by the piston (4), the piston pin (6) and the small end (51) of the
connecting rod (5) which collectively resonate with respect to the large end (52) of the connecting rod (5) in a
combustion stroke of the engine,

the second resonance frequency is generated by the lower block (22) caused by the vibration in the main bearing
cap (23),

the second dynamic vibration absorber (82) is higher in resonance frequency than the first dynamic vibration
absorber (81), and characterised in that

in the resonance frequency of the first dynamic vibration absorber (81) and the resonance frequency of the
second dynamic vibration absorber (82) in order for a peak frequency of antiresonance occurring in a higher
frequency region of the first dynamic vibration absorber (81) than the resonance frequency of the first dynamic
vibration absorber (81) to be higher than that of antiresonance occurring in alower frequency region of the second
dynamic vibration absorber (82) than the resonance frequency of the second dynamic vibration absorber (82), the
resonance frequency of the first dynamic vibration absorber (81) shifts toward the higher frequency region in
relation to the first resonance frequency and the resonance frequency of the second dynamic vibration absorber
(82) shifts toward the lower frequency region in relation to the second resonance frequency.

2. The engine reciprocative rotation mechanism of claim 1, further comprising a fixture (84) fixing the first and second

dynamic vibration absorbers (81, 82) to the piston pin (6) and common to the first and second dynamic vibration
absorbers (81, ,82),
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a first connector elastically connecting the fixture (84) and the first dynamic vibration absorber (81) together, and
a second connector elastically connecting the fixture (84) and the second dynamic vibration absorber together
(82).

3. A method for manufacturing an engine reciprocative rotation mechanism which includes:

a piston (4) reciprocating in a cylinder (3);

a connecting rod (5) connecting the piston (4) and a crankshaft (7) together and including a smallend (51) and a
large end (52) respectively connected to the piston (4) via a piston pin (6) and to the crankshaft (7);

a cylinder block (2) including an upper block (21) and a lower block (22) attached to a lower surface of the upper
block (21) and housing the piston (4) and the connecting rod (5);

the crankshaft (7) having a crank journal (71), a crank pin (72), and a crank arm (73), the crank journal (71) being
rotatably supported by the lower block (22) and a main bearing cap (23);

a first dynamic vibration absorber (81) provided in a through hole of the piston pin (6) for the piston (4) and
configured to reduce a vibration level, which is generated during an operation of the engine, at a first resonance
frequency; and

a second dynamic vibration absorber (82) provided in the through hole of the piston pin (6) for the piston (4) and
configured to reduce a vibration level, which is generated during the operation of the engine, at a second
resonance frequency,

the firstresonance frequency being generated by the piston (4), the piston pin (6) and the smallend (51) of the
connecting rod (5) which collectively resonate with respect to the large end (52) of the connecting rod (5) in a
combustion stroke of the engine,

the second resonance frequency being generated by the lower block (22) caused by the vibration in the main
bearing cap (23),

the second dynamic vibration absorber (82) being higher in resonance frequency than the first dynamic
vibration absorber (81), the method comprising

a preparing step of preparing the first and second dynamic vibration absorbers (81, 82), the preparing step
including a shifting step of shifting, in order for a peak frequency of antiresonance occurring in a higher
frequency region of the first dynamic vibration absorber (81) to be higher than that of antiresonance occurring
in a lower frequency region of the second dynamic vibration absorber (82) than the resonance frequency of
the second dynamic vibration absorber (82), the resonance frequency of the first dynamic vibration absorber
(81) toward the higher frequency region in relation to the first resonance frequency and the resonance
frequency of the second dynamic vibration absorber (82) toward the lower frequency region in relation to the
second resonance frequency when a peak frequency of antiresonance occurring in a higher frequency region
of the first dynamic vibration absorber (81) than the resonance frequency of the first dynamic vibration
absorber (81) is substantially consistent with that of antiresonance occurring in a lower frequency region of
the second dynamic vibration absorber (82) than the resonance frequency of the second dynamic vibration
absorber (82).

4. The method of claim 3, wherein

the shifting step from the associated one of the first resonance frequency or the second resonance frequency is a step
of shifting at least one of the resonance frequency of the first dynamic vibration absorber (81) or the resonance
frequency of the second dynamic vibration absorber (82) from associated at least one of the first resonance frequency
or the second resonance frequency to associated at least one of the higher frequency region or the lower frequency
region.

5. The method of claim 3 or 4, wherein

the first and second dynamic vibration absorbers (81, 82) each have a body, a fixture (84) fixed to the piston (4) or
the piston pin (6), and a connector elastically connecting the body and the fixture (84) together,

the preparing step further includes a changing step of changing at least one of a ratio of a mass of the body of the
first dynamic vibration absorber (81) to a reciprocating inertial mass of the reciprocative rotation mechanism or a
ratio of a mass of the body of the second dynamic vibration absorber (82) to the reciprocating inertial mass of the
reciprocative rotation mechanism, thereby changing associated at least one of an interval of two types of
antiresonance occurring in the first dynamic vibration absorber (81) or an interval of two types of antiresonance
occurring in the second dynamic vibration absorber (82).
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Patentanspriiche

1.

Motorreziprokdrehungsmechanismus, umfassend:

einen Kolben (4), der sich in einem Zylinder (3) hin- und herbewegt;

eine Verbindungs- bzw. Pleuelstange (5), die den Kolben (4) und eine Kurbelwelle (7) miteinander verbindet und
ein kleines Ende (51) und ein groRes Ende (52) enthalt, die jeweils mit dem Kolben (4) liber einen Kolbenstift (6)
und mit der Kurbelwelle (7) verbunden sind;

einen Zylinderblock (2), der einen oberen Block (21) und einen unteren Block (22) enthalt, der an einer unteren
Flache bzw. Oberflache des oberen Blocks (21) angebracht ist, und den Kolben (4) und die Pleuelstange (5)
unterbringt bzw. aufnimmt;

wobei die Kurbelwelle (7) einen Kurbelzapfen (71), einen Kurbelstift (72) und einen Kurbelarm (73) aufweist,
wobei der Kurbelzapfen (71) drehbar durch den unteren Block (22) und einen Hauptlagerdeckel (23) gestiitzt
bzw. gelagert ist;

einen ersten dynamischen Schwingungsdampfer (81), derin einem Durchgangsloch des Kolbenstifts (6) fir den
Kolben (4) bereitgestellt und konfiguriert ist, einen Schwingungspegel, der wahrend eines Betriebs des Motors
erzeugt wird, bei einer ersten Resonanzfrequenz zu reduzieren; und

einen zweiten dynamischen Schwingungsdampfer (82), der in dem Durchgangsloch des Kolbenstifts (6) fur den
Kolben (4) bereitgestellt und konfiguriert ist, einen Schwingungspegel, der wahrend des Betriebs des Motors
erzeugt wird, bei einer zweiten Resonanzfrequenz zu reduzieren, die héher ist als die erste Resonanzfrequenz,
wobei

die erste Resonanzfrequenz durch den Kolben (4), den Kolbenstift (6) und das kleine Ende (51) der Pleuelstange
(5) erzeugt wird, die in einem Verbrennungstakt des Motors kollektiv in Bezug auf das groRe Ende (52) der
Pleuelstange (5) schwingen,

die zweite Resonanzfrequenz durch den unteren Block (22) erzeugt wird, der durch die Vibration bzw. Schwin-
gung in dem Hauptlagerdeckel (23) verursacht wird,

der zweite dynamische Schwingungsdampfer (82) eine héhere Resonanzfrequenz aufweist als der erste
dynamische Schwingungsdampfer (81), und dadurch gekennzeichnet, dass

bei der Resonanzfrequenz des ersten dynamischen Schwingungsdéampfers (81) und der Resonanzfrequenz des
zweiten dynamischen Schwingungsdampfers (82), damit eine Spitzenfrequenz der Antiresonanz, die in einem
héheren Frequenzbereich des ersten dynamischen Schwingungsdampfers (81) auftritt als die Resonanzfre-
quenz des ersten dynamischen Schwingungsdampfers (81), die héher sein soll als diejenige der Antiresonanz,
die in einem niedrigeren Frequenzbereich des zweiten dynamischen Schwingungsdampfers (82) auftritt als die
Resonanzfrequenz des zweiten dynamischen Schwingungsdampfers (82), die Resonanzfrequenz des ersten
dynamischen Schwingungsdampfers (81) sich in Relation zu der ersten Resonanzfrequenz in Richtung des
héheren Frequenzbereichs verschiebt und sich die Resonanzfrequenz des zweiten dynamischen Schwingungs-
dampfers (82) in Relation zu der zweiten Resonanzfrequenz in Richtung des niedrigeren Frequenzbereichs
verschiebt.

2. Motorreziprokdrehungsmechanismus nach Anspruch 1, ferner umfassend:

eine Befestigungsvorrichtung bzw. Halterung (84), die den ersten und den zweiten dynamischen Schwingungs-
dampfer (81, 82) an dem Kolbenstift (6) fixiert bzw. befestigt und dem ersten und dem zweiten dynamischen
Schwingungsdampfer (81, 82) gemeinsam ist,

einen ersten Verbinder, der die Befestigungsvorrichtung (84) und den ersten dynamischen Schwingungsdampfer
(81) elastisch miteinander verbindet, und

einen zweiten Verbinder, der die Befestigungsvorrichtung (84) und den zweiten dynamischen Schwingungs-
dampfer (82) elastisch miteinander verbindet.

3. Verfahren zum Herstellen eines Motorreziprokdrehungsmechanismus, der beinhaltet:

einen Kolben (4), der sich in einem Zylinder (3) hin- und herbewegt;

eine Verbindungs- bzw. Pleuelstange (5), die den Kolben (4) und eine Kurbelwelle (7) miteinander verbindet und
ein kleines Ende (51) und ein groRes Ende (52) enthalt, die jeweils mit dem Kolben (4) Giber einen Kolbenstift (6)
und mit der Kurbelwelle (7) verbunden sind;

einen Zylinderblock (2), der einen oberen Block (21) und einen unteren Block (22) enthalt, der an einer unteren
Flache bzw. Oberflache des oberen Blocks (21) angebracht ist, und den Kolben (4) und die Pleuelstange (5)
unterbringt bzw. aufnimmt;
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wobei die Kurbelwelle (7) einen Kurbelzapfen (71), einen Kurbelstift (72) und einen Kurbelarm (73) aufweist,
wobei der Kurbelzapfen (71) drehbar durch den unteren Block (22) und einen Hauptlagerdeckel (23) gestutzt
bzw. gelagert ist;

einen ersten dynamischen Schwingungsdampfer (81), derin einem Durchgangsloch des Kolbenstifts (6) fir den
Kolben (4) bereitgestellt und konfiguriert ist, einen Schwingungspegel, der wahrend eines Betriebs des Motors
erzeugt wird, bei einer ersten Resonanzfrequenz zu reduzieren; und

einen zweiten dynamischen Schwingungsdampfer (82), der in dem Durchgangsloch des Kolbenstifts (6) fir den
Kolben (4) bereitgestellt und konfiguriert ist, einen Schwingungspegel, der wahrend des Betriebs des Motors
erzeugt wird, bei einer zweiten Resonanzfrequenz zu reduzieren,

wobei die erste Resonanzfrequenz durch den Kolben (4), den Kolbenstift (6) und das kleine Ende (51) der
Pleuelstange (5) erzeugt wird, die in einem Verbrennungstakt des Motors kollektiv in Bezug auf das groRe Ende
(52) der Pleuelstange (5) schwingen,

wobei die zweite Resonanzfrequenz durch den unteren Block (22) erzeugt wird, der durch die Vibration bzw.
Schwingung in dem Hauptlagerdeckel (23) verursacht wird,

wobei der zweite dynamische Schwingungsdampfer (82) eine hohere Resonanzfrequenz aufweist als der erste
dynamische Schwingungsdampfer (81), wobei das Verfahren umfasst

einen Vorbereitungsschritt des Vorbereitens des ersten und zweiten dynamischen Schwingungsdampfers (81,
82), wobei der Vorbereitungsschritt einen Verschiebungsschritt des Verschiebens beinhaltet, damit eine Spitzen-
frequenz der Antiresonanz, die in einem hdheren Frequenzbereich des ersten dynamischen Schwingungs-
dampfers (81) auftritt, um hoher zu sein als diejenige der Antiresonanz, die in einem niedrigeren Frequenzbereich
des zweiten dynamischen Schwingungsdampfers (82) auftritt als die Resonanzfrequenz des zweiten dynami-
schen Schwingungsdampfers (82), der Resonanzfrequenz des ersten dynamischen Schwingungsdampfers (81)
in Richtung des hdheren Frequenzbereichs in Relation zu der ersten Resonanzfrequenz und der Resonanz-
frequenz des zweiten dynamischen Schwingungsdampfers (82) in Richtung des niedrigeren Frequenzbereichs
in Relation zu der zweiten Resonanzfrequenz, wenn eine Spitzenfrequenz der Antiresonanz, die in einem
héheren Frequenzbereich des ersten dynamischen Schwingungsdampfers (81) auftritt als die Resonanzfre-
quenz des ersten dynamischen Schwingungsdampfers (81), im Wesentlichen mit derjenigen der Antiresonanz
konsistent ist bzw. Gibereinstimmt, die in einem niedrigeren Frequenzbereich des zweiten dynamischen Schwin-
gungsdampfers (82) auftritt als die Resonanzfrequenz des zweiten dynamischen Schwingungsdéampfers (82).

Verfahren nach Anspruch 3, wobei

der Verschiebungsschritt von der zugehorigen bzw. entsprechenden einen der ersten Resonanzfrequenz oder der
zweiten Resonanzfrequenz ein Schritt des Verschiebens von zumindest einer der Resonanzfrequenz des ersten
dynamischen Schwingungsdampfers (81) oder der Resonanzfrequenz des zweiten dynamischen Schwingungs-
dampfers (82) von der zugehdrigen bzw. entsprechenden zumindest einen der ersten Resonanzfrequenz oder der
zweiten Resonanzfrequenz zu dem zugehdrigen bzw. entsprechenden zumindest einen des hdheren Frequenzbe-
reichs oder des niedrigeren Frequenzbereichs ist.

Verfahren nach Anspruch 3 oder 4, wobei

dererste und der zweite dynamische Schwingungsdampfer (81, 82) jeweils einen Kérper, eine an dem Kolben (4)
oder an dem Kolbenstift (6) fixierte bzw. befestigte Befestigungsvorrichtung bzw. Halterung (84) und einen
Verbinder aufweisen, der den Kérper und die Befestigungsvorrichtung (84) elastisch miteinander verbindet,
der Vorbereitungsschritt ferner einen Anderungsschritt eines Anderns zumindest eines von Verhéltnis einer
Masse des Korpers des ersten dynamischen Schwingungsdampfers (81) zu einer hin- und herbewegenden
Tragheitsmasse des Reziprokdrehungsmechanismus oder Verhaltnis einer Masse des Kérpers des zweiten
dynamischen Schwingungsdampfers (82) zu der hin- und herbewegenden Tragheitsmasse des Reziprokdre-
hungsmechanismus beinhaltet, wodurch zumindest zugehorig bzw. entsprechend eines von Intervall von zwei
Arten von Antiresonanz, die in dem ersten dynamischen Schwingungsdampfer (81) auftreten, oder Intervall von
zwei Arten von Antiresonanz, die in dem zweiten dynamischen Schwingungsdampfer (82) auftreten, geandert
wird.

Revendications

1.

Mécanisme de rotation alternative de moteur, comprenant :

un piston (4) allant et venant dans un cylindre (3) ;
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une tige de connexion (5) connectant le piston (4) et un vilebrequin (7) ensemble, etincluant une petite extrémité
(51) etune grande extrémité (52) connectées respectivement au piston (4) par le biais d’'un axe de piston (6) etau
vilebrequin (7) ;

un bloc-cylindres (2) incluant un bloc supérieur (21) et un bloc inférieur (22) relié a une surface inférieure du bloc
supérieur (21), et hébergeant le piston (4) et la tige de connexion (5) ;

le vilebrequin (7) ayant un tourillon de vilebrequin (71), un maneton (72) et un bras de vilebrequin (73), le tourillon
de vilebrequin (71) étant supporté a rotation par le bloc inférieur (22) et un chapeau de palier principal (23) ;
un premier absorbeur de vibration dynamique (81) prévu dans un orifice traversant de I'axe de piston (6) pour le
piston (4), et configuré pour réduire un niveau de vibration, qui est généré au cours d’un fonctionnement du
moteur, a une premiére fréquence de résonance ; et

un second absorbeur de vibration dynamique (82) prévu dans l'orifice traversant de I'axe de piston (6) pour le
piston (4), et configuré pour réduire un niveau de vibration, qui est généré au cours du fonctionnement du moteur,
a une seconde fréquence de résonance supérieure a la premiére fréquence de résonance, dans lequel

la premiere fréquence de résonance est générée par le piston (4), 'axe de piston (6) et la petite extrémité (51) de
la tige de connexion (5) qui résonnent collectivement par rapport a la grande extrémité (52) de la tige de
connexion (5) dans une course de combustion du moteur,

la seconde fréquence de résonance est générée par le bloc inférieur (22) provoquée par la vibration dans le
chapeau de palier principal (23),

le second absorbeur de vibration dynamique (82) est a fréquence de résonance supérieure au premier absorbeur
de vibration dynamique (81), et caractérisé en ce que

dans la fréquence de résonance du premier absorbeur de vibration dynamique (81) etla fréquence de résonance
du second absorbeur de vibration dynamique (82) pour qu’une fréquence créte d’antirésonance se produisant
dans une région de fréquences supérieure du premier absorbeur de vibration dynamique (81) a la fréquence de
résonance du premier absorbeur de vibration dynamique (81) soit supérieure a celle d’antirésonance se
produisant dans une région de fréquences inférieure du second absorbeur de vibration dynamique (82) a la
fréquence de résonance du second absorbeur de vibration dynamique (82), la fréquence de résonance du
premier absorbeur de vibration dynamique (81) se décale vers la région de fréquences supérieure par rapportala
premiére fréquence de résonance et la fréquence de résonance du second absorbeur de vibration dynamique
(82) se décale vers la région de fréquences inférieure par rapport a la seconde fréquence de résonance.

2. Mécanisme de rotation alternative de moteur selon la revendication 1, comprenant en outre

un support (84) fixant les premier et second absorbeurs de vibration dynamiques (81, 82) a I'axe de piston (6) et
commun aux premier et second absorbeurs de vibration dynamiques (81, 82),

un premier connecteur connectant élastiquement le support (84) et le premier absorbeur de vibration dynamique
(81) ensembile, et

un second connecteur connectant élastiquement le support (84) et le second absorbeur de vibration dynamique
(82) ensemble.

3. Procédé de fabrication d’'un mécanisme de rotation alternative de moteur qui inclut :

un piston (4) allant et venant dans un cylindre (3) ;

une tige de connexion (5) connectant le piston (4) et un vilebrequin (7) ensemble et incluant une petite extrémité
(51) etune grande extrémité (52) connectées respectivement au piston (4) par le biais d’un axe de piston (6) etau
vilebrequin (7) ;

un bloc-cylindres (2) incluant un bloc supérieur (21) et un bloc inférieur (22) relié a une surface inférieure du bloc
supérieur (21), et hébergeant le piston (4) et la tige de connexion (5) ;

le vilebrequin (7) ayant un tourillon de vilebrequin (71), un maneton (72) et un bras de vilebrequin (73), le tourillon
de vilebrequin (71) étant supporté a rotation par le bloc inférieur (22) et un chapeau de palier principal (23) ;
un premier absorbeur de vibration dynamique (81) prévu dans un orifice traversant de I'axe de piston (6) pour le
piston (4), et configuré pour réduire un niveau de vibration, qui est généré au cours d’un fonctionnement du
moteur, a une premiére fréquence de résonance ; et

un second absorbeur de vibration dynamique (82) prévu dans l'orifice traversant de I'axe de piston (6) pour le
piston (4), et configuré pour réduire un niveau de vibration, qui est généré au cours du fonctionnement du moteur,
a une seconde fréquence de résonance,

la premiéere fréquence de résonance étant générée par le piston (4), I'axe de piston (6) et la petite extrémité (51) de
la tige de connexion (5) qui résonnent collectivement par rapport a la grande extrémité (52) de la tige de
connexion (5) dans une course de combustion du moteur,
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la seconde fréquence de résonance étant générée par le bloc inférieur (22) provoquée par la vibration dans le
chapeau de palier principal (23),

le second absorbeur de vibration dynamique (82) étant a fréquence de résonance supérieure au premier
absorbeur de vibration dynamique (81), le procédé comprenant

une étape de préparation consistant a préparer les premier et second absorbeurs de vibration dynamiques (81,
82), I'étape de préparation inclut une étape de décalage consistant a décaler, pour qu'une fréquence créte
d’antirésonance se produisant dans une région de fréquences supérieure du premier absorbeur de vibration
dynamique (81) soit supérieure a celle d’antirésonance se produisant dans une région de fréquences inférieure
du second absorbeur de vibration dynamique (82) a lafréquence de résonance du second absorbeur de vibration
dynamique (82), la fréquence de résonance du premier absorbeur de vibration dynamique (81) vers la région de
fréquences supérieure par rapport a la premiére fréquence de résonance et la fréquence de résonance du
second absorbeur de vibration dynamique (82) vers la région de fréquences inférieure par rapport a la seconde
fréquence de résonance lorsqu’une fréquence créte d’antirésonance se produisant dans une région de fré-
quences supérieure du premier absorbeur de vibration dynamique (81) a la fréquence de résonance du premier
absorbeur de vibration dynamique (81) est essentiellement cohérente avec celle d’antirésonance se produisant
dans une région de fréquences inférieure du second absorbeur de vibration dynamique (82) a la fréquence de
résonance du second absorbeur de vibration dynamique (82).

Procédé selon la revendication 3, dans lequel

I'étape de décalage de la fréquence associée de la premiére fréquence de résonance ou la seconde fréquence de
résonance est une étape de décalage d’au moins une de la fréquence de résonance du premier absorbeur de
vibration dynamique (81) ou la fréquence de résonance du second absorbeur de vibration dynamique (82) de 'au
moins une fréquence associée de la premiére fréquence de résonance ou la seconde fréquence de résonance al'au
moins une fréquence associée de la région de fréquences supérieure ou la région de fréquences inférieure.

Procédé selon larevendication 3 ou 4, dans lequel les premier et second absorbeurs de vibration dynamiques (81, 82)
ont chacun un corps, un support (84) fixé au piston (4) ou a I'axe de piston (6), et un connecteur connectant
élastiquement le corps et le support (84) ensemble, I'étape de préparation inclut en outre une étape de changement
consistant a changer au moins un d’un rapport d’'une masse du corps du premier absorbeur de vibration dynamique
(81) sur une masse inertielle de va-et-vient du mécanisme de rotation alternative ou d’'un rapport d’'une masse du
corps du second absorbeur de vibration dynamique (82) sur la masse inertielle de va-et-vient du mécanisme de
rotation alternative, changeant de ce fait au moins un intervalle associé d’un intervalle de deux types d’antirésonance
se produisant dans le premier absorbeur de vibration dynamique (81) ou d’un intervalle de deux types d’antiréso-
nance se produisant dans le second absorbeur de vibration dynamique (82).
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